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Description 

Open-Path Laser/Optical Communication 

Systems and Methods Utilizing 
Wavelengths Between Atmospheric and 
Gaseous Absorption Lines 

BACKGROUND OF INVENTION 

[0001] RELATED APPLICATIONS 

[0002] The present application is a U.S. National Stage application claiming the 
benefit of prior filed International Application, Serial Number 
PCT/US02/02865, filed January 30,2002, which International Application 
claims a priority date of January 30, 2001 based on prior filed U.S. 
Provisional Application Serial Number 60/265,022. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Field of the Invention 

[0005] This invention relates to methods for relaying information between two or 
more points using laser or optically generated conductive transport means 
through the atmosphere to convey the information. 

[0006] Description of the Prior Art Radio waves or other optical transport waves and 
less sophisticated systems using wires, fiber-optic cables, and other physical 
transport means have been employed to relay information between two or 



more points. Radio transmissions are heavily dependent upon atmospheric 
conditions, and fiber-optic cables or other physical transport means are 
expensive. 

[0007] Communication systems are therefore needed that do not rely upon radio 
transmissions, fiber-optic cables, or other physical transport means. 

[0008] An open path laser beam communication system overcomes many of the 
problems associated with prior art communication systems, but has its own 
limitations. Specifically, meaningful multi-channel WDM (Wavelength 
Division Multiplexed), open-path laser communication requires that each 
laser be at a different wavelength, and possibly tunable. Tunable lasers 
require tuning elements such as gratings, etalons, and the like. These tuning 
elements can tune wavelengths to a precision of 1nm (1cm" 1 ). Finer 
wavelength control is difficult and expensive to maintain using conventional 
techniques. Typically, a laser wavelength is locked to a peak maximum 
absorption of a gas that is internal or external to the laser cavity, or to an 
external wavelength spectrometer instrument. 

[0009] Wavelength-controlled laser/optical open-path communication systems often 
have difficulty in controlling the laser wavelength to that of the receiver 
optical bandwidth. Moreover, multi-wavelength channel cross talk is often a 
problem because it is difficult to produce very narrow (<10nm) optical filters. 

[001 0] However, in view of the prior art considered as a whole at the time the 

present invention was made, it was not obvious to those of ordinary skill in 
the art how the limitations of the known systems and methods could be 
overcome. 



SUMMARY OF INVENTION 



[001 1] The long-standing but heretofore unfulfilled need for a laser that does not 
require fine wavelength control is now provided by a system that 
incorporates, in a first embodiment, a laser having a non-filter 
bandwidth-defining structure preferably in the form of a gas cell positioned in 
the laser cavity. 

[0012] The gas cell positioned inside the laser cavity enables the laser to operate at 
wavelengths between the maximum absorption line wavelengths of the gas 
in the cell. This is the spectral position or wavelength that has higher gain, 
i.e., the lowest absorption loss. Accordingly, the only tuning required is a 
coarse wavelength control such as a grating prism. The need for additional 
equipment providing fine wavelength control is therefore obviated. 

[0013] More particularly, a gas cell containing gas with individual vibrational-rotation 
line spectra is positioned inside a tunable laser cavity having a resonance 
wavelength and the cavity resonance wavelength is positioned between 
adjacent absorption lines of the gas. The laser therefore operates at an 
absorption minimum that occurs between the absorption lines and the laser 
wavelength is locked to an absolute wavelength defined by the gas. 
Advantageously, the maximum absorption bands act as filters for the laser 
wavelength output. 

[0014] In a second embodiment, the need to control laser wavelength to that of a 
receiver optical bandwidth is fulfilled by harnessing strong optical absorption 
lines in a preselected gas in a gas cell positioned at a receiver site upstream 
of the receiver. This provides an absolute wavelength reference or control for 



laser wavelength and receiver/detector optical bandwidth in an open path 
laser/optical communication system. 



[0015] In a third embodiment, the need to control laser wavelength to that of the 
receiver optical bandwidth is fulfilled by harnessing the strong optical 
absorption lines in the atmosphere that are due to atmospheric oxygen. 

[001 6] A fourth embodiment discloses a novel method for controlling a 

wavelength-controlled laser to the optical bandwidth of a receiver means in 
an open-path communication system. The laser is tuned so that it lases at 
minimum absorption wavelengths positioned between strong 
rotational-vibrational spectral absorption lines in atmospheric gases. The 
strong absorption lines provide optical guard channels that prevent cross-talk 
between adjacent wavelength channels. An absorption line minimum locks 
the laser to the minimum absorption position and reliance upon optical 
bandwidth filters in a receiver channel is reduced. An external tuning means 
is employed to tune the laser to within a few nanometers of the minimum 
absorption wavelength so that it lases at the minimum spectral absorption 
lines where the laser cavity has maximum gain. Positioning an absorbing 
gas cell in the laser cavity of the laser forces the laser output to operate at 
wavelengths at the minimum of the spectral absorption lines. 

[001 7] An important object of this invention is to provide a tunable laser having a 
gas cell positioned within the laser cavity. 

[0018] A more specific object is to provide a laser communication system laser 
source that operates at known absolute wavelengths defined by the 
minimum of absorption between gaseous absorption lines. 



[001 9] Another object is to provide a laser system that operates with inexpensive 
coarse tuning equipment and does not require expensive fine tuning 
equipment. 

[0020] Still another object is to optimize the wavelengths used in a laser 

communication system to select wavelengths that use the absorption 
characteristics of the atmosphere or external gas cell to enhance the 
performance of a laser communication system detection device. 

[0021] Another important object is to provide a method for providing optical guard 
channels that prevent cross-talk between adjacent wavelength channels. 

BRIEF DESCRIPTION OF DRAWINGS 

[0022] Fig. 1 is a schematic view of a laser beam source where a beam is locked on 
a wavelength determined by the absorption characteristics of a gas cell; 

[0023] Fig. 2 is a graph depicting a portion of the oxygen absorption spectrum; 

[0024] Fig. 3A is a schematic view of a laser system having an atmospheric gas cell 
for filtering wavelengths to the absorption characteristics of a selected gas; 
and 

[0025] Fig. 3B is a schematic view of a variation of the system depicted in Fig. 3A. 

DETAILED DESCRIPTION 

[0026] Referring now to Fig. 1 , it will there be seen that a laser source having a gas 
cell as an integral part of the laser mechanism, i.e., within the laser cavity is 
denoted as a whole by the reference numeral 1 0. A beam from 



continuous-wave laser 12 sequentially passes through gas cell 14 and laser 
cavity output mirror 1 6. Because of the gas cell in the laser cavity, the 
resultant beam is locked to the actual minimum absorption bands of the gas 
selected in the cell. 

[0027] Laser 12 is preferably provided in the form of a continuous wave external 

cavity GaAs diode laser having a wavelength of 0.76um. The laser assembly 
further includes back laser cavity mirror 1 1 and a coarse tuning current 
control means 13. Lasers of types other than continuous wave can also have 
wavelengths selected in this manner. 

[0028] Gas cell 14 is preferably ten meters in optical path length and contains 
oxygen at a pressure of one atmosphere. 

[0029] Gas cell 14 contains gas with individual vibrational-rotation line spectra. 
Significantly, it is used within a tunable laser cavity as depicted in Fig. 1 . 
Coarse wavelength tuning is conducted using gratings, prisms, or etalons to 
position the cavity resonant wavelength between adjacent absorption lines of 
the gas. The laser operates at the absorption minimum occurring between 
the gas absorption lines, thus locking the laser wavelengths to the absolutes 
wavelength defined by the gas. This locked wavelength is at the minimum 
absorption of the gas as opposed to the maximum absorption of the gas as 
in the prior art methods using a gas cell positioned internally or externally to 
the laser cavity. 

[0030] Fig. 2 depicts a spectrum of oxygen gas with absorption bands 20 and 

minimum absorption bands 22. In practice, the laser output in this system is 
now locked onto minimum absorption spectral region 22, and maximum 



absorption lines 20 act as a filter for the laser wavelength output. The novel 
system thus enables use of a less sophisticated, and less costly, laser and 
wavelength monitors relative to prior art reflection grating systems or an 
active cavity length turning device. 

[0031] The novel system is also useful for wavelength control of fiber optic laser 
communication systems, pointopen-path laser communication systems and 
in open-path laser communication systems where barriers intervene 
between the transmitting and receiving communication devices such as 
those described in co-pending patent application filed January 30, 2002, 
entitled OpenOptical Communication System And Method Using Reflected 
or Backscattered Light, by the same inventor, which disclosure is hereby 
incorporated by reference into this disclosure. 

[0032] Two embodiments of the invention are depicted in Fig. 3A, said 

embodiments being the second and third embodiments of the invention. 

[0033] In the second embodiment, laser system 30 includes a gas cell 34 

positioned upstream of a detector means to provide channel isolation at the 
receiver. The gas cell bandwidth system pre-filters the light at the detector 
means. Laser source 32, which can be a sole or multiple laser source, emits 
a beam of light 33 that is passed through gas cell 34 prior to passing through 
a moderate-bandwidth optical filter 36 to impinge upon a detector means 
such as detectors 38 and 39. This eliminates the use of highly expensive 
narrow-bandwidth optical filters because the gas in cell 34 acts in 
substantially the same way as the gas in the laser source of the 
first-described embodiment to filter the bandwidths to narrow bands defined 



by the absorption characteristics of the gas in said cell 34. The gas may be 
any atmospheric gas such as oxygen, carbon dioxide, nitrogen, etc., or it 
may be any non-atmospheric gas such as HI, HF, or even benzene. The use 
of any specific gas is the choice of one of ordinary skill in the art, as the 
selection is based on the specific absorption lines of that gas and specific 
application requirements. 

[0034] This novel use of gas cell 34 is further advantageous because individual 
wavelength channels are formed between the absorption lines of the gas in 
the gas cell so that said absorption lines block each channel from its 
adjacent channel. 

[0035] Beam splitter 40 enables a user to set the detection wavelengths in a 

plurality of detectors to various discrete wavelengths as defined by the gas 
in the intervening cell. Again, less costly filters such as moderate-bandwidth 
optical filters are used at the detector site because unwanted nearby 
wavelengths are filtered out by the absorption characteristics of the gas by 
virtue of channel isolation. 

[0036] More particularly, tunable laser source 32 is preferably a GaAs laser having 
#1=0.7660 pirn and #2 = 0.7660 u.m . The effective optical bandwidth of gas 
cell 34 is 5 cm" 1 . 

[0037] In the third embodiment, also depicted in Fig. 3A, light beam 33 follows an 
open path as in the incorporated disclosure and does not pass through gas 
cell 34. Light beam 33 does not pass through gas cell 34 but instead 
undergoes atmospheric absorption with oxygen. The channel isolation of the 
receiver thereby provided is similar to that of the second embodiment. This 



use of the atmosphere causes the formation of individual wavelength 
channels between the absorption lines of the oxygen so that said absorption 
lines block each channel from its adjacent channel. 

[0038] In both the second and third embodiments, as illustrated in Fig. 3A, beam 
splitter 40 divides the beam so that part of it passes through optical filter 36 
and another part of it passes through optical filter 37. The part of beam 33 
that passes through optical filter 37 impinges upon optical detector 38 and 
the part thereof that passes through optical filter 36 impinges upon optical 
detector 39. Each optical filter is of the thin-film type and has a bandwidth of 
15cm" 1 . 

[0039] Fig. 3B depicts a variation of the second embodiment. Laser source 30a is a 
GaAIAs diode laser where .567ujti(6381 cm 1 ) and # 2 =1 .566u.m (6384 
cm" 1 ). Gas cell 34a is ten meters in optical path length and contains carbon 
monoxide at one atmosphere of pressure. Beam splitter 40a divides the 
beam so that it passes through optical filters 36a and 37a, each of which has 
a 6 cm" 1 bandwidth. As in the second and third embodiments, the 
arrangement of Fig. 3B provides channel isolation at the receiver site of an 
open path laser system, and individual wavelength channels are blocked 
from their adjacent wavelength channels by the absorption lines of the gas in 
gas cell 34a. 

[0040] The fourth embodiment of this invention harnesses the observation that 

many atmospheric and non-atmospheric gases have strong, individual and 
distinct rotational-vibrational spectral absorption lines. These absorption 
lines are used advantageously within a tunable laser cavity to force or 



control the laser to operate at wavelengths between the absorption line 
centers, i.e., where the transmission is highest. For a moderately tunable 
diode or other type of laser, an external tuning means such as grating, diode 
current, or temperature may be used to tune the laser close (within a few 
nanometers) to minimum absorption wavelength. The absorption line 
minimum locks the laser wavelength to the minimum position, i.e., the laser 
will lase at the minimum of the spectral absorption, where the laser cavity 
has the highest gain. 

[0041] Multiple wavelength optical/laser open path communication systems 
operating through the atmosphere can operate at many simultaneous 
wavelength channels. If the individual wavelength channels occur between 
the absorption lines of non-atmospheric or atmospheric gases, then each 
channel is blocked from drifting (in wavelength) into the adjacent channel by 
the adjacent strong absorption line. As such, the strong absorption lines act 
like adjacent WDM optical bandwidth filters or Fabry-Perot transmission 
modes. The resultant optical blocking filters which still need to be used are 
wider in wavelength bandwidths and thus less expensive. For example, the 
approximately thirty (30) C0 2 gas absorption lines near 1 .575 urn are 
separated by 2 to 3 cm" 1 , i.e., about 2 to 3 A or 0.2 to 0.3 nm. The narrow 
optical bandwidth filters would have a passband of 2 to 3 A instead of a 
narrower bandwidth. 

[0042] The fourth embodiment of this invention is therefore understood to be a 
method for preventing cross-talk between adjacent wavelength channels. 
The novel method includes the step of controlling a wavelength-controlled 
laser to the optical bandwidth of a receiver means in an open-path 



communication system by tuning the laser so that it lases at minimum 
absorption wavelengths positioned between strong rotational-vibrational 
spectral absorption lines in atmospheric gases. Strong absorption lines 
therefore provide optical guard channels that prevent the cross-talk. An 
absorption line minimum locks the laser to the minimum absorption position 
and reliance upon optical bandwidth filters in a receiver channel is reduced. 
This enables the use of less expensive optical bandwidth filters in the 
receiver/detector channel. 

[0043] An external tuning means is used to tune the laser to within a few 

nanometers of the minimum absorption wavelength so that it lases at the 
minimum spectral absorption lines where the laser cavity has maximum gain. 
An absorbing gas cell positioned in the laser cavity of the laser forces the 
laser output to operate at wavelengths at the minimum of the spectral 
absorption lines. 

[0044] The systems that use the gas cell absorption are appropriate for the open 
path systems of the incorporated disclosure, but they also may be used in 
direct pointlaser/optical systems and fiber optic laser/optical communication 
systems. 

[0045] It may be appreciated by one skilled in the art that additional embodiments 
may be contemplated, including alternate embodiments of the laser or 
optical sources and the detectors. 

[0046] In the foregoing description, certain terms have been used for brevity, clarity 
and understanding, but no unnecessary limitations are to be implied 
therefrom beyond the requirements of the prior art, because such words are 



used for description purposes herein and are intended to be broadly 
construed. Moreover, the embodiments of the apparatus illustrated and 
described herein are by way of example, and the scope of the invention is 
not limited to the exact details of construction. 

[0047] Having now described the invention, the construction, the operation and use 
of preferred embodiments thereof, and the advantageous new and useful 
results obtained thereby, the new and useful constructions, and reasonable 
mechanical equivalents thereof obvious to those skilled in the art, are set 
forth in the appended claims. 



